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Image pick-up module and method for assembling 
such an image pick-up module 


CROSS REFERENCE TO PENDING APPLICATIONS 

The present application is a continuation of pending Interna¬ 
tional Patent Application PCT/EP00/04792 filed on May 25, 2000, 
which designates the United States and which claims priority of 
German patent application 199 24 189 filed on May 27, 1999. 

BACKGROUND OF THE INVENTION 


The present invention relates to an image pick-up module, espe¬ 
cially for an endoscope, comprising an electronic image sensor, 
a single-piece circuit board which is electrically bonded to 
the image sensor and to which is further electrically bonded at 
least one cable leading away from the circuit board, the cir¬ 
cuit board having at least three sections, with a first section 
and a second section extending in spaced relation one to the 
other and obliquely or crosswise to the image sensor and a 
third section being arranged between the first and the second 
sections. 
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The invention further relates to a method for assembling an im- 
age pick—up module/ wherein an electronic image sensor is elec¬ 
trically bonded to a single-piece circuit board and the circuit 
board is electrically bonded to at least one cable leading away 
from the circuit board. 

An image pick-up module of the before-mentioned kind is known 
from US 5/220/198. 

Electronic image pick-up modules of this kind find general ap- 
plication in the field of video recording. In addition to the 
use in video cameras, such electronic image pick-up modules 
have recently been employed in maximally miniaturized applica¬ 
tions, especially in endoscopes for technical or medical pur¬ 
poses. Such endoscopes, or video endoscopes, have been dis¬ 
closed, for example, in US 5,754,313 and US 5,166,787. 

An image pick-up module comprises, generally, an electronic im¬ 
age sensor or image pick-up, by which light imaged on it is 
converted into an electric signal. Such electronic image sen¬ 
sors are generally implemented in CCD or CMOS technology. Fur¬ 
ther , the image pick-up module comprises at least one circuit 
board which accommodates the signal electronics, or at least 
part of the signal electronics, for the image sensor. The sig¬ 
nal electronics comprise circuits that are implemented on the 
circuit board by electronic components or in the form of 
P^irited circuits. In addition, the image pick—up module com¬ 
prises at least one cable, leading away from the circuit board, 
which is connected, at a point remote from the image pick—up 
module, to an electronic control and signal processing system 
for processing the electric signals received from the image 
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pick-up module to reproduce the image received by the image 
sensor on an image reproduction unit, such as a display or a 
monitor. 

^ rule, however, the circuit board is bonded not only to a 
single cable but to a system of several, partially coaxial, ca¬ 
bles which form the electric signal transmission system between 
the image pick-up module and the electronic control and signal 
processing system. 

It is only due to the miniaturization of the image sensors and 
the progress achieved in microtechnology that the use of such 
image pick-up modules in endoscopes has become possible. The 
image pick-up module is arranged in an endoscope in the distal 
"tip of the endoscope shaft, i.e. the tip facing the patient, as 
is described in the before-mentioned US 5,166,787. The image 
pick-up module replaces in this case the optical image trans¬ 
mission system used in "classical" endoscopes, which consist of 
a plurality of lenses arranged in series. Instead of transmit¬ 
ting the distally received image to the proximal end, i.e. the 
end remote from the patient, by means of an optical imaging 
lens system, an image pick-up module converts the optical light 
to electric signals and transmits them to the proximal 
®nci, via at least one cable or, as a rule, a cable system. The 
use of electronic image pick-up modules instead of optically 
transmitting lens systems provides the advantage, according to 
the before-mentioned US Patent Specification, that the image 
pick-up module need not be installed rigidly in the distal tip 
of the endoscope shaft, but can be mounted movably in that tip 
so that once the endoscope has been introduced into the cavity 
to be inspected, the image pick-up module can be pushed out 
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distally from the shaft or can be swung out laterally from the 
shaft, with the effect that on the one hand a larger area can 
be viewed through the movable image sensor while on the other 
hand the endoscope shaft is released so that instruments can be 
introduced through the shaft into the cavity, for example. In 
addition, a telescope-like extension of the endoscope is also 
imaginable. 

It is always a requirement with endoscopes that the cross- 
section of the outer contour of the shaft be as small as possi¬ 
ble. Accordingly, in order to be accommodated in such a shaft, 
the image pick-up modules used must have the smallest possible 
outer cross-section. The shaft diameter of a video endoscope 
for medical purposes, for example, is as small as a few milli¬ 
meters (<10 mm). This means that the dimensions of the minia¬ 
turized image pick-up modules should be as small as ever possi¬ 
ble (if possible <6 mm). While presently existing image sen¬ 
sors, designed in so-called "case-less" configuration and with 
flexible connecting fingers, succeed increasingly in meeting 
these demands, the problem of making the overall structure of 
the image pick—up modules as small as possible continues to ex¬ 
ist . 

The image pick-up module known from US 5,754,313 comprises two 
separate, i.e. not a single-piece, circuit boards for bonding 
the image sensor, which two circuit boards accommodate, in cus¬ 
tomary fashion, electronic miniature components and serve for 
bonding the cable system. The circuit boards extend in parallel 
one to the other and substantially at a right angle relative to 
the image pick-up surface of the image sensor. Since the signal 
electronics accommodated on the two circuit boards cannot func- 
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tion independently, an electric connection, for example in the 
form of lines, or a connecting circuit board must be addition¬ 
ally integrated which constitutes a further increase of the as¬ 
sembly effort connected with the image pick-up module. In addi¬ 
tion, bonding the cables and the electric components between 
the boards has been found to present a problem. Further, the 
cables leading away from the circuit board are bonded to the 
circuit board on an outer surface of the latter in the case of 
this image pick-up module. Given the diameter of the different 
cables, which in part may be coaxial lines in which case they 
exhibit a corresponding thickness, the described structure of 
the known image pick-up module results in a cross-sectional di¬ 
ameter greater than the cross-sectional diameter defined by the 
image sensor. 

Another problem presenting itself when such image pick-up mod¬ 
ules are used in video endoscopes consists in that the one or 
the several cables, that lead away from the circuit board, may 
be exposed to tensile strain, especially in the case of flexi¬ 
ble video endoscopes or when a deflection mechanism is provided 
for moving the image pick-up module, as described in US 
5,166,787, or during installation of the module in the endo¬ 
scope shaft. Here again, the image pick-up module known from US 
5,754,313 has been found to be disadvantageous insofar as the 
strain relief device would have to be provided either around 
the bonding area of the cables on the two circuit boards, which 
would further disadvantageously increase the cross-sectional 
diameter of that known image pick-up module, or else would have 
to be provided at the proximal end of the circuit boards with 
the result that the length of the image pick-up module would be 
additionally increased in an undesirable way, which is a prob- 
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lem especially with flexible endoscopes where the stiff distal 
jaw parts should be kept as short as possible. 

The image pick-up module known from the before-mentioned US 
5.220.198, from which the present invention starts, comprises a 
single-piece circuit board having three sections forming in 
this case the shape of a U; the present invention is, however, 
not restricted to that embodiment. The two sections, that are 
bonded to the image sensor, extend one parallel to other, the 
image sensor being fastened on the third section which extends 
crosswise to the two other sections. Accordingly, the circuit 
board is open on the side opposite the image sensor. This image 
pick-up module also provides the disadvantage that no strain 
relief is provided for the cables leading away from the circuit 
board. Under tensile strain conditions, there is therefore a 
risk for the cables leading away from the circuit board that 
the one or the several cables may be torn off the circuit board 
under strain. 

Now, it is an object of the present invention to improve an im¬ 
age pick-up module of the before-mentioned kind in such a way 
that strain relief is provided, with small constructional ef¬ 
fort, for the at least one cable leading away from the circuit 
board, without the structural dimensions of the image pick-up 
module being increased due to that strain relief. 


SUMMARY OF THE INVENTION 


The invention achieves this object with respect to the before- 
mentioned image pick-up module by the fact that the image sen- 
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sor is arranged on one side of the circuit board opposite the 
third section. 

Instead of bonding the circuit board to the image sensor so 
that the image sensor comes to lie on the third section of the 
circuit board and the circuit board is open on the side oppo¬ 
site the image sensor, as described for the image pick-up mod¬ 
ule known from US 5,220,198, it is provided by the invention 
that the circuit board is bonded to the image sensor by arrang¬ 
ing the image sensor at the end of the circuit board opposite 
the third section so that the third section forms a bottom op¬ 
posite the image sensor. This arrangement opens up the advanta¬ 
geous possibility to implement a strain relief device for the 
at least one cable leading away from the circuit board. The 
third section can be used with advantage to provide strain re¬ 
lief for the cable system. Another advantage of the configura¬ 
tion of the image pick-up module according to the invention 
consists in that strain relief can be implemented on the third 
section without increasing the circumferential dimensions of 
the image pick-up module beyond the circumference of the image 
sensor, because the third section is arranged between the first 
and the second section and does not, therefore, project beyond 
it. In addition, the third section can be used with advantage 
for the bonding function between the first and the second sec¬ 
tions . 

With respect to the method mentioned at the outset, it is fur¬ 
ther an object of the present invention to improve the before- 
mentioned method so as to facilitate the preassembly of the 
signal electronics on the circuit board and also bonding to the 
at least one cable. 
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The invention achieves this object with respect to the before- 
mentioned method by the fact that initially the circuit board 
has the form of a planar board blank comprising at least three 
sections that can be folded along flexible connecting sections, 
that the at least one cable is bonded to the board blank, that 
thereafter the board blank is folded in such a way that a third 
section is located between the first section and the second 
section, and that thereafter the image sensor is bonded to the 
circuit board at an end of the board opposite the third sec¬ 
tion . 

According to the invention, therefore, once the signal elec¬ 
tronics have been mounted on the board blank, one initially 
bonds the at least one cable to the circuit board, having the 
form of a planar board blank, which is especially easy due to 
the fact that the different contacts are easily accessible on 
the flat-lying circuit board. After the at least one or the 
several cables have been bonded to the planar board blank, the 
board blank is then folded along the flexible connecting sec¬ 
tions so that the first, the second and the third sections of 
the at least three sections form the desired shape, whereafter 
the folded structure is bonded to the image sensor. The method 
according to the invention is, thus, especially well-suited for 
producing miniaturized image pick-up modules. 

According to a preferred embodiment, the first and the second 
sections extend substantially in parallel one to the other, and 
the third section extends obliquely or crosswise to the first 
and second sections. 
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In the case of this embodiment of the circuit board, the board 
exhibits substantially the shape of a U. Since in this case the 
third section extends substantially crosswise to the at least 
one cable leading away from the circuit board, this embodiment 
of the circuit board provides the advantage that the third sec¬ 
tion is capable of effectively absorbing any tensile forces 
acting on the at least one cable, in the sense of a strain re¬ 
lief device. 

Alternatively, it is, however, likewise preferred if the third 
section has a substantially V-shaped configuration. 

This provides the advantage that the at least one cable leading 
away from the circuit board can be bonded to the outer surface 
of the V-shaped third section, which makes bonding of the cable 
to the circuit board especially easy. Further, it is also pos¬ 
sible with this embodiment to provide strain relief measures on 
the outer surface of the third section of the circuit board, 
without increasing the outer circumference of the image pick-up 
module beyond the outer circumference of the image sensor. An¬ 
other particular advantage resulting from this arrangement is 
seen in the especially short overall length that can be 
achieved for the entire image pick-up module. 

It is also possible to provide that two legs of the V-shaped 
third section extend along a straight-line prolongation of the 
first and the second sections, respectively. 

To say it in other words, the circuit board of this embodiment 
has generally the shape of a V, without any transition being 
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noticeable between the first section and the third section, and 
the second section and the third section, respectively. 

Alternatively, it is however also preferred if the first and 
the second sections extend substantially in parallel one to the 
other so that in this case the V-shaped third section, or more 
exactly its two converging legs, form an angled transition to 
the first and second sections, respectively. 

According to another preferred embodiment, it is likewise pre¬ 
ferred if the third section is curved in outward or inward di¬ 
rection. This, too, can be of advantage as regards ease of pro¬ 
duction and simple constructional design of the circuit board. 

According to a further preferred embodiment, the at least one 
cable is bonded to an inner surface of the circuit board. 

This provides the advantage that the at least one cable is ar¬ 
ranged in the interior of the folded circuit board so that the 
cable, especially if a coaxial cable is used, or the cables, 
where a plurality of cables is used, do not increase the outer 
dimension of the image pick-up module. In the case of the be¬ 
fore-mentioned method according to the invention, the board 
blank is then folded after the at least one cable has been 
bonded, so that the cable comes to lie inside the folded cir¬ 
cuit board. 

Alternatively, it is of advantage, especially when the third 
section is configured in the form of a V, if the at least one 
cable is bonded to an outer surface of the circuit board, espe¬ 
cially to the outside of the V-shaped third section, as has 
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been described before in connection with the configuration of 
the third section in the form of a V. 

According to a further preferred embodiment of the image pick¬ 
up module, the third section comprises at least one passage for 
the at least one cable leading away from the circuit board. 

The passage in the third section of the circuit board, that 
forms the bottom of the image pick-up module, provides the ad¬ 
vantage, especially in the embodiment just mentioned, that the 
cable being bonded to the circuit board on its inside is guided 
past the third section without projecting laterally beyond the 
outer dimension of the circuit board and, thus, without in¬ 
creasing the outer dimension of the image pick-up module. In 
addition, the at least one passage may, advantageously, serve 
as strain relief, for example when the cable or the several ca¬ 
bles are fixed in their positions in the at least one passage 
of the third section by corresponding measures, for example by 
clamps. While the passage may serve as passage for the entire 
cable system, there may also be provided several passages for 
the different cables or different cable bundles. 

In the case of the method according to the invention, the at 
least one passage preferably is produced before the at least 
one cable is connected. 

In this connection, it is further preferred if the at least one 
passage is formed as a marginal recess in the third section. 

This feature provides the advantage that for bonding the at 
least one cable to the circuit board, the at least one cable 
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can be positioned on the circuit board in flat stretched condi¬ 
tion so that when the third section is then folded, it can be 
moved past the cable without any trouble into its final posi¬ 
tion, crosswise to the outgoing cable, without the cable form¬ 
ing an obstacle to the folding operation. 

It is, however, also preferred if the at least one passage is 
configured as a substantially central opening in the third sec¬ 
tion . 

Although this configuration requires that the at least one ca¬ 
ble, before being connected, must be threaded through the board 
blank in its planar spread condition, this feature provides 
however the advantage that the at least one outgoing cable, or 
the cable bundle, can be guided off the circuit board cen¬ 
trally. 

According to a further preferred embodiment of the image pick¬ 
up module, the interior of the circuit board, defined by the 
first, second and third sections, is filled with an electri¬ 
cally non-conductive filling compound. 

This feature opens up a particularly favorable way of providing 
strain relief for the at least one outgoing cable, creating an 
intimate contact between the sections of the circuit board and 
the at least one outgoing cable, which connection is capable of 
safely withstanding even especially high tensile strains. An¬ 
other advantage of this feature lies in the fact that strain 
relief is in this case implemented completely inside the cir¬ 
cuit board so that the image pick-up module is not increased in 
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dimension. In addition, the filling compound has the favorable 
effect of strengthening the overall structure. 

The method of the invention thus provides that the interior of 
the folded circuit board, defined by the first, second and 
third sections, is filled up with a curing electrically non- 
conductive filling compound, whereafter the image sensor is 
bonded to the circuit board. 

This permits strain relief to be implemented by an especially 
simple procedure since a curing filling compound can be intro¬ 
duced into the interior of the circuit board in its soft or 
even flowing condition, without any effort. 

The filling compound used may be a curing resin, for example a 
two-component adhesive. The folded circuit board may be placed 
for this purpose in a mold or casing to prevent the filling 
compound from escaping before it has cured. 

According to another preferred embodiment of the image pick-up 
module, the circuit board comprises a forth section arranged 
opposite the third section and accommodating the image sensor 
on its outer surface. 

The forth section, therefore, advantageously serves as a planar 
support or carrying plate for the image sensor so that the lat¬ 
ter can be connected with the circuit board in a mechanically 
safe manner, in addition to fastening it on the outer surface 
of the first and second sections via the bonding arrangement. 
Further, the forth section can, advantageously, accommodate ad- 
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ditional components while being connected with the image sensor 
only mechanically and, normally, not electrically, if desired. 

According to the method of the invention, where the circuit 
board is folded from a planar board blank, the board blank may 
also comprise the forth section, flexibly and integrally con¬ 
nected with one or more of the before-mentioned three sections, 
so that the assembly effort is not increased by that arrange¬ 
ment. 

It is further preferred in this connection if the forth section 
comprises at least one electric component and/or at least one 
electric circuit-board conductor. 

This arrangement provides the advantage that the forth section 
also provides the possibility of accommodating parts of the 
signal electronics so that there is, generally, more room 
available for the circuits and electronic components. 

According to a further preferred embodiment, the circuit board 
comprises, in addition to the first section and the second sec¬ 
tion, one or two additional sections arranged on a longitudinal 
side of the circuit board. 

This feature provides the advantage that the signal electronics 
of the circuit board can be entirely enclosed on all sides by 
sort of a casing and can thus be protected from damage. Another 
advantage of this feature is seen in the fact, in connection 
with filling the interior of the circuit board with a curing 
filling compound, that by enclosing the interior of the circuit 
board on all sides, the filling compound can be largely pre- 
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vented from escaping before curing, even without any additional 
encasing measures. 

According to a further preferred embodiment, the circuit board 
is provided on its outer surface with recesses for bonding of 
the image sensor. 

Since, usually, the contact fingers of the image sensor are 
bonded to the circuit board on the outer surfaces of the cir¬ 
cuit board, this feature provides the advantage that the con¬ 
tact fingers can be placed in the recesses with the result that 
the outer dimensions are not increased by the electric bond be¬ 
tween the image sensor and the circuit board. 

According to a further preferred embodiment, the third section 
of the circuit board comprises at least one contact for bonding 
the cable leading away from the circuit board. 

In connection with the embodiment where the circuit board com¬ 
prises a bottom in the form of the third section, the latter 
can be used with advantage for bonding further cables or a 
shielding line for the entire cable, or a multi-core cable, re¬ 
spectively, in which case those cables can be bonded to the 
third section in similar strain-relieved fashion by correspond¬ 
ing measures. 

According to another preferred embodiment, the third section of 
the circuit board comprises at least one electric circuit-board 
conductor for electrically connecting the first section and the 
second section. 
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This feature provides the advantage that the third section, in 
addition to fulfilling a strain-relief function, may serve to 
electrically connect the first and the second sections without 
any additional lines or connecting circuit boards being re¬ 
quired for that purpose. 

An especially preferred board blank, from which the circuit 
board is folded, is configured in such a way that the first 
section and the second section are flexibly connected via an 
additional section, but are arranged in spaced relationship at 
one and the same level, that the first section and the second 
section each serve for bonding at least one cable, and that the 
third section is flexibly connected to the additional section 
on the latter's end face. 

A board blank configured in this way makes the preassembly of 
the signal electronics and, above all, the connection of a plu¬ 
rality of cables especially easy because it is thus possible to 
bond a cable bundle to each of the first and the second sec¬ 
tions so that the cable bundles are spaced one from the other 
and will not obstruct each other, and because the subsequent 
folding operation, by which the circuit board is finished and 
given its final structure, is also rendered particularly easy, 
especially when the passages in the third section are formed as 
marginal recesses. 

Instead of filling the interior of the circuit board, being de¬ 
fined by the first, second and third sections, with a filling 
compound, as mentioned before, it may also be provided to fill 
that interior with a contact body which on the one hand estab¬ 
lishes contact with the first section and the second section 
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and, on the other hand, embodies a plug-in connector system for 
the at least one outgoing cable. Preferably, such a plug-in 
connector implemented within the contact body is a microconnec¬ 
tor system. Due to the progress achieved in microtechnology, it 
is possible today to produce such microconnector systems. 

Further advantages are evident from the description below and 
the appended drawings. 

It is understood that the features recited above and those yet 
to be explained below can be used not only in the respective 
combination indicated, but also in other combinations or in 
isolation, without leaving the context of the present inven¬ 
tion . 

BRIEF DESCRIPTION OF THE DRAWINGS 


Exemplary embodiments of the invention are shown in the draw¬ 
ings and are explained in more detail in the description which 
follows. In the drawings: 

Fig. 1 shows a perspective view of an image pick-up module 
according to a first embodiment; 

Fig. 2 shows a sectional view taken along line II-II in 

Fig. 1; 

Fig. 3 shows a top view of a board blank from which is 

folded the circuit board of the image pick-up module 
illustrated in Figs. 1 and 2; 



18 


Fig. 4 shows a perspective view of an image pick-up module 
according to a second embodiment; 

Fig. 5 shows a sectional view taken along line V-V in 
Fig. 4; 

Fig. 6 shows a top view of a board blank from which has 

been folded the circuit board of the image pick-up 
module illustrated in Figs. 4 and 5; 

Fig. 7 shows a perspective view of an image pick-up module 
according to a third embodiment; 

Fig. 8 shows a side view of the image pick-up module illus¬ 
trated in Fig. 7; 

Fig. 9 shows a sectional view taken along line IX-IX in 

Fig. 8; 

Fig. 10 shows a top view of a board blank from which has 

been folded the circuit board of the image pick-up 
module illustrated in Figs. 7 to 9; 

Fig. 11 shows a perspective view of an image pick-up module 
according to a forth embodiment; 

Fig. 12 shows a top view of a board blank from which has 

been folded the circuit board of the image pick-up 
module illustrated in Fig. 11; and 
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Fig. 13 shows a longitudinal section through an image pick¬ 
up module according to a fifth embodiment. 


DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 


Fig. 1 shows an electronic image pick-up module, indicated gen¬ 
erally by reference numeral 10. The image pick-up module 10 is 
installed, for example, in the distal tip of an endoscope shaft 
not shown. As illustrated in Fig. 1, the image pick-up module 
10 is ready for being installed, which means that the image 
pick-up module 10 will not be enclosed in an additional casing; 
as will be shown in the description that follows, there is no 
need for such an additional enclosure in the case of that em¬ 
bodiment of the image pick-up module 10 according to the inven¬ 
tion since all sensitive and, possibly, strain-loaded elements 
are safely protected. 

The image pick-up module 10 comprises an image sensor 12 with 
an image pick-up surface 14. 

The image sensor 12 is an electric image sensor in CCD or CMOS 
technology. Such image sensors are commercially available. Im¬ 
age sensors of this kind constitute optoelectronic converters, 
which means that light, which is received via the image pick-up 
surface 14 pixel for pixel, is converted to electric signals by 
the image sensor 12. 

Specifically, the image sensor 12 is a miniaturized image sen¬ 
sor whose outer edges 16 and 18 each have a length of about 4 
mm, to mention one example only. In addition, the image sensor 
12 is designed without a casing in what is known as TAB tech- 
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nology, with the contacts projecting laterally from the sensor. 
The design of the image sensor 12 without a casing further con¬ 
tributes toward realizing a space-saving structure of the image 
pick-up module. 

The image pick-up module 10 further comprises a circuit board 
indicated generally by reference numeral 20. The circuit board 
20 is formed entirely in one piece. 

The circuit board 20 comprises a first section 22 and a second 
section 24. The first section 22 and the second section 24 ex¬ 
tend in spaced relation to and substantially parallel one to 
the other, and substantially perpendicularly to the image sen¬ 
sor 12 or the image pick-up surface 14. 

Further, the circuit board comprises a third section 26 extend¬ 
ing crosswise to the first section 22 and crosswise to the sec¬ 
ond section 24, and substantially parallel to the image sensor 
12 or the image pick-up surface 14. The third section 24 con¬ 
nects the first section 22 and the second section 24 to form a 
single piece in this case. 

The third section 26 is integrally connected with the first 
section 22 via a first flexible connecting section 28, and with 
the second section 24 via a second flexible connecting section 
30. As can be seen in Fig. 1, the first section 22 and the sec¬ 
ond section 24 have a thickness greater than the thickness of 
the third section 26 and the connecting sections 28 and 30. 

The circuit board 20 further comprises a forth section 32 which 
is flexibly and integrally connected with the second section 
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24, via a third flexible connecting section 34. The forth sec¬ 
tion 32 extends substantially parallel to the third section 26 
and is arranged opposite the latter on the other end of the 
circuit board 20. 

The first section 22, the second section 24 and the third sec¬ 
tion 26 exhibit together the shape of a U. 

The circuit board 20, or more specifically the first section 22 
and the second section 24 of the circuit board 20, accommodate 
in this case microelectronic components, electric circuit-board 
conductors, printed electric circuits, and the like, constitut¬ 
ing the signal electronics of the image sensor 12. 

The image sensor 12 is electrically bonded to the circuit board 
20, more specifically to the first section 22 and the second 
section 24. The image sensor 12 is provided to this end with a 
plurality of contact fingers 36, in the illustrated embodiment 
with five contact fingers 36 and, opposite the latter, addi¬ 
tional five contact fingers, which project to the outside on 
opposite sides of the image sensor 12. Bonding of the image 
sensor 12 to the circuit board 20 is effected on an outer sur¬ 
face 38 of the first section 22 or an outer surface 4 0 of the 
second section 24 of the circuit board 20, opposite the outer 
surface 38, for which purpose corresponding contact areas 42 
are provided on the outer surfaces 38 and 40. The contact areas 
42 are arranged in recesses in the outer surfaces 38 and 40 so 
that the contact fingers 36 of the image sensor 12 come to lie 
in these recesses and do not, consequently, project laterally 
to the outside. 
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Further, at least one electric cable 44 leading away from the 
circuit board 20 is bonded to the circuit board 20; in the il¬ 
lustrated embodiment a cable system comprising a plurality of 
cables 44 leads away from the circuit board 20. The cables 44 
lead to a remote electronic signal-processing and/or control 
system, not shown, for the image pick-up module 10, and may be 
bundled in a jacket, for example a plastic jacket. 

The electric connection of the cables 44 is realized on the in¬ 
ner surfaces 46 and 4 8 of the second section 24 or the first 
section 22, respectively, of the circuit board 20, for which 
purpose the inner surfaces 46 and 48 are provided with corre¬ 
sponding contact areas 50 which, just as the contact areas 42 
on the outer surfaces 38 and 40, are arranged in corresponding 
recesses. 

Since the third section 26 is arranged opposite the image sen¬ 
sor 12, as mentioned before, the third section 26 forms a bot¬ 
tom which permits a strain relief device to be implemented 
without any additional space-consuming measures that would in¬ 
crease the outer dimension of the image pick-up module 10. 

In the first place, a passage 52 is provided in the third sec¬ 
tion 26 in the form of a substantially central opening through 
which the cables 44 are passed. Initial strain relief is 
achieved by passing the cables 44 through the passage 52 due to 
the fact that relative displacement between the cables in the 
passage 52 in lengthwise direction is hindered by the fric¬ 
tional grip of the different cables 44 on the edge of the pas¬ 
sage 52 and between the different cables 44. 
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In the case of the image pick-up module 10, a strain relief de¬ 
vice, effective under particularly high strain conditions, is 
achieved by filling the interior of the circuit board 20, which 
is defined by the first section 22, the second section 24 and 
the third section 26 and in which the ends of the cables 44 are 
bonded to the circuit board 20, with a non-conductive filling 
compound that achieves an especially intimate connection 
between the cables 44 and the circuit board 20 due to the fact 
that the filling compound fills up all, or almost all, of the 
remaining cavities inside the circuit board. The filling com¬ 
pound may consist, for example, of a cured resin, for example a 
two-component adhesive which is not conductive electrically. 

As can further be seen in Fig. 1, the image sensor 12 is ar¬ 
ranged on the forth section 32 of the circuit board 20 so that 
the forth section 32 serves as an additional mount for the im¬ 
age sensor 12 on the circuit board 20. 

Fig. 3 shows a board blank 54 from which the circuit board 20 
of the image pick-up module 10 illustrated in Figs. 1 and 2 has 
been folded. 

A method for assembling the image pick-up unit 10 operates as 
follows. Starting out from the planar board blank 54, one ini¬ 
tially applies the microelectronic components, conductors and 
the like, on the first section 22 and the second section 24, 
i.e. the surfaces that later become the inner surfaces 48 and 
46 (the surface shown in the top view of Fig. 3). With the 
board blank 54 still in the unfolded, i.e. its planar condition 
the cables 44 are then bonded to the first section 22 and the 
second section 24, in the contact areas 50. Before, the corre- 
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sponding cable ends of the cables 44 were passed through the 
passage 52 provided in the third section 26 of the circuit 
board 20 in the form of the substantially central opening, pro¬ 
duced in the third section 2 6 of the board blank 54 prior to 
the bonding process. 

Once all cables 44 have been bonded to the board blank 54, the 
sections 22, 24, 26 and 32 are then folded to obtain the shape 
of the circuit board 20 illustrated in Fig. 1. Thereafter, the 
interior of the circuit board 20 is filled with a curing fill¬ 
ing compound which, in the cured condition, strengthens the en¬ 
tire structure of the image pick-up module 10 and ensures addi¬ 
tional strain relief for the cables 44. Finally, the image sen¬ 
sor 12 is bonded to the circuit board 20. 

The third section 26 may likewise comprise electric circuit- 
board conductors for electrically connecting the first section 
22 and the second section 24 of the circuit board 20. 

Figs. 4 and 5 show another embodiment of an image pick-up mod¬ 
ule 60. In the description that follows, reference will be made 
mainly to the differences from the embodiment previously de¬ 
scribed, while features not mentioned in that description are 
identical or similar to corresponding features of the image 
pick-up module 10. 

In this embodiment, the image sensor 12 is bonded to a circuit 
board 62 comprising a first section 64, a second section 66 and 
a third section 68 that together form the shape of a U. The 
circuit board 62 is likewise formed entirely as a single piece. 
The third section 68 is arranged opposite the image sensor 12. 
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A forth section 70, corresponding to the forth section 32 of 
the circuit board 20 in Figs. 1 to 3, serves again as mechani¬ 
cal mount and/or support for the image sensor 12. 

In addition to the before-mentioned sections, the circuit board 
62 comprises, however, a fifth section 72 and a sixth section 
74 which connect the first section 64 and the second section 66 
in the form of lateral walls. 

The image sensor 12 is bonded in this case to the sections 72 
and 74, while the cables 64 are bonded to the first section 64 
and the second section 66. 

Consequently, the circuit board 62 forms a casing with walls on 
all sides, in which the signal electronics and the bonds of the 
cables 44 are safely protected. The interior space of this em¬ 
bodiment may likewise be filled with a cured filling compound 
in order to provide for additional strain relief of the cables 
44. 


The third section 68 comprises at least one passage for the ca¬ 
bles 44, in the embodiment shown two passages 76 and 78, which 
are, however, not configured as a central opening but rather as 
marginal recesses provided in the edge of the third section 68, 
as can be seen in Fig. 6. During assembly of the image pick—up 
module 60, this provides the advantage that the cables 44 need 
not be threaded through an opening before being bonded to the 
first section 64 and the second section 66. 

A planar board blank 80, from which the circuit board 62 is 
folded, is illustrated in Fig. 6. 
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In this case, the first section 64 and the second section 66 of 
the board blank 80 are arranged one parallel to the other and 
at the same level, and are connected one with the other in 
spaced relationship by the further section 74. The third sec¬ 
tion 68 is connected with the further section 74 on its end 
face. 

In the case of this board blank 80, bonding of the cables 44 to 
the first section 64 and to the second section 66 is particu¬ 
larly easy because the cables 44 can be arranged in two paral¬ 
lel lines, with their longitudinal extension lying in the plane 
of the board blank 80, and need not be passed through an open¬ 
ing before. Thus, the cables 44 can be placed on the working 
support in fully stretched condition, i.e. without any bend. 
After completion of the bonding process, the different sections 
64 to 74 can then be folded along flexible connecting sections 
82 to 90 so as to obtain the structure of the circuit board 62 
illustrated in Fig. 4, during which operation the third section 
68, with the passages 7 6 and 78, can be folded easily without 
being obstructed by the two cable bundles 44. 

It is further provided in this embodiment that the forth sec¬ 
tion 70 of the circuit board 62 is likewise equipped with con¬ 
tacts 92. 

Figs. 7 to 9 show an image pick-up module 100 according to an¬ 
other embodiment of the invention that differs from the previ¬ 
ously described embodiments by certain individual features of a 
circuit board 102. 
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The circuit board 102 comprises a first section 104, a second 
section 106, a third section 108 and a forth section 110, all 
of them being connected to form a single piece, with the first 
section 104, the second section 106 and the third section 108 
forming the shape of a U. In contrast to the two previous em¬ 
bodiments, there is however no direct connection between the 
third section 108 and the second section 106. A corresponding 
planar board blank 112, from which the circuit board 102 is 
folded to obtain the structure illustrated in Figs. 7 and 8, is 
illustrated in Fig. 10. 

The third section 108 of the circuit board 102 offers addi¬ 
tional bonding possibilities for part of the cables 44, for 
which purpose additional openings 114 are provided in the third 
section 108. A passage 116 for the remaining cables 44 is again 
provided in the third section 108 so that that part of the ca¬ 
bles 44 can be bonded to the inner surfaces of the sections 104 
and 106 of the circuit board 102. 

Finally, a forth embodiment, being very similar to the embodi¬ 
ment illustrated in Figs. 1 to 3 and constituting an extension 
of that embodiment, is illustrated in Figs. 11 and 12. Accord¬ 
ing to this embodiment, an image pick-up module 120 comprises a 
single-piece circuit board 122 having, in addition to the first 
four sections 22, 24, 26, 32 shown in Fig. 1, a fifth section 
124 and a sixth section 128, which are integrally formed with 
the first section 22, as shown in Fig. 12, and which form a 
lateral termination of the circuit board 122. A corresponding 
planar board blank 130, from which the circuit board 122 is 
folded, is illustrated in Fig. 12. 
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Fig. 13 shows yet another embodiment of an image pick-up module 
140 which differs from the embodiments previously discussed es¬ 
pecially by the following features: 

The image pick-up module 140 comprises a circuit board 148 hav¬ 
ing, as before, a first section 150 and a second section 152 as 
well as a third section 154. 

In contrast to the previously described third sections, the 
third section 154 exhibits, however, the shape of a V. The 
third section 154 has a first leg 153 and a second leg 155 con¬ 
verging toward the end opposite the image sensor 12. 

The first leg 153 extends obliquely to the second section 152, 
or forms an angle with the latter, while the second leg 155 
forms an angle with the first section 150. Alternatively, it 
may however be provided that the first leg 153 forms a 
straight-line prolongation of the second section 152, which 
means that in this case the second section 152 also extends 
obliquely to the image sensor 12, and similarly the second leg 
155 of the third section 154 may form a straight-line prolonga¬ 
tion of the first section 150. In this case, the entire circuit 
board 148 would then exhibit the shape of a V. 

As can be seen in Fig. 13, the at least one cable 44 is bonded 
to the circuit board 148 on an outer surface thereof, more spe¬ 
cifically on an outer surface of the V-shaped third section 
154. As illustrated in Fig. 13, bonding the at least one cable 
44 to the outer surface of the V-shaped third section 154 does 
not in this case increase the circumference of the image pick¬ 
up module 140 beyond the outer circumference of the image sen- 
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sor 12. However, it may also be provided to bond the at least 
one cable 44 to the circuit board 14 8 on an inner surface of 
the latter, as has been described in connection with the previ¬ 
ously discussed embodiments. 

In addition, a strain relief device (not shown) may be provided 
in the area of the outer surface of the third section 154 of 
the circuit board 148, for example in the form of clamps or the 
like. Another strain relief measure may consist in filling the 
interior of a casing 160, in which the image pick-up module 140 
is arranged, with a curing filling compound. 

The circuit board 148 likewise comprises a forth section 156 
carrying, or intended to carry, further electric or electronic 
components. Contact fingers 158, through which the image sensor 
12 is bonded to the outer surface of the circuit board 148, are 
likewise shown in Fig. 13. A glass cover 146 closes off the 
distal end of the casing 160 in front of the image sensor 12. 

The overall length of the image pick-up module 140 is shorter 
than that of the previously discussed embodiments. The previous 
embodiments show that a great number of modifications is possi¬ 
ble within the scope of the present invention, with all such 
modifications offering the advantage of providing strain relief 
for the cables leading away from the circuit board, without in¬ 
creasing the outer dimensions of the respective image pick-up 
module; this is achieved by the third section at the bottom of 
the circuit board. 


What is claimed is: 




